Abstract-The main purpose of this work is to investigate a simple way of making polydimensiloxane (PDMS) anatomically artery models such as a carotid arteries with and without aneurysm. By using a human carotid computerized tomography (TC) it was possible to develop 3D anatomical models through the application of a rapid prototyping (RP) technique, known as tridimensional printing (TDP). By combining the TDP with a PDMS casting technique we were able to obtain at the end an anatomically transparent model of a human carotid artery made by a silicon elastomer, i.e. PDMS. We believe that this combination is a promising technique to perform more realistic in vitro blood studies through anatomical models and consequently improve our current understanding of the origin and development of cardiovascular diseases.
I. INTRODUCTION
In vivo hemodynamics studies in animals it is considered to be essential to validate new computational hemodynamics models, as real physiological situations can be mimicked. However, in vivo studies are expensive, difficult to control several physiological variables, and most of the times the measurements are not accurate. Over the years, in vitro experiments have been developed to overcome those limitations, but most of them had used simple and rigid geometries and not physiologically shaped [1, 2] . Hence, it is important to investigate new fabrication techniques to manufacture anatomically realistic artery models to obtain accurate measurements of the blood flow behavior in both macro and micro in vitro arteries ahead of in vivo studies. In this work, we purpose to investigate a simple way of making polydimensiloxane (PDMS) anatomically artery models such as a carotid arteries with and without aneurysm. By using a human carotid computerized tomography (TC) it was possible to develop 3D anatomical models through the application of a rapid prototyping technique, known as tridimensional printing (TDP). By combining the TDP with a PDMS casting technique we were able to obtain at the end an anatomically transparent model of a human carotid artery made by a silicon elastomer, i.e. PDMS. This polymer is a biocompatible, transparent, inert and elastic material and, therefore, can be used to simulate blood vessels and other soft tissues
II. MATERIALS & METHODS

A. Image Processing
With the objective of obtaining a real model from the anatomical structure a TC image set was used as once this technology was able to provide us the definition wanted and allowed us to identify the arteries in the main anatomical area. After the identification is done, the image processing starts with the goal to do the artery segmentation, which means, to isolate the arteries from the other existent anatomical structures, visible in the images.
Segmentation process has been performed in the software ScanIP ® where TC images can be transferred in DICOM format. To do this step, binarization and thresholding techniques have been applied to the images in order to obtain a mask in a range of grey values that includes, in each image, the tissues from the study object -carotid artery.
By evaluating the type of anatomical structure in question, the chosen range has been from 204 to 255 by being the most suitable values applied to this kind of soft tissues and these TC images in particular, obeying to:
where g(x,y) is the resultant in the image after the application of binarization technique and f (x,y) is the image obtained from TC [3] .
The result after the first iteration has not been satisfactory due to the existence of the other areas in the same grey range. So, in a complementary phase, it was needed to process each image, pixel by pixel by removing the structures that were not needed. It created a mask to the artery to allow a better visualization of the rendering region.
Once concluded the artery model, finished by smoothing all the surfaces, the main structure was kept with the bifurcation where the pathology is developed and all the ramifications that will not make part of this study were erased. The result can be seen in figure 1 where transversal, coronal and sagital plans are illustrated as well as the 3D rendered model.
Fig. 1 Different working plans in ScanIP® software
When all the image processing phases are concluded, the file is converted in a STL format file through internal software model translator and then processed in printing management software that will slice the model and allow choosing the printing parameters to each of the used equipments. 
B. Rapid Prototyping
When STL file is converted into a SLI (slice) format file, using printing software we are able to produce the physical model, whatever is the RP chosen method. This type of file contains the needed information of each one of the layers to be printed, as well to provide the orientation that should be given to the model in order to obtain not only the better accuracy as the lowest media consumption.
This situation comes from the additive-constructive characteristic in which the RP processes are based.
Tridimensional Printing: In this RP process, the model is built from a composite dust material (a specific combination of materials). In printing process, the composite material is prepared by a cylinder action that flattens the surface each time a layer is printed. In each layer the printing head draws the correspondent section in the material surface in glue aqueous liquid. When the new material is deposited to the new layer, it is glued to the previous one by the cylinder action. Also, in this case, the printing head covers the coordinates (x,y), being the depth fulfilled by the movement of the working surface. Each time a layer is printed the working surface descends and the new material is deposited maintaining the distance to the printing head. All process is repeated until the model is completely built.
After the model manufacture it is needed to remove the model from the non-glued material that can be recycled.
In TDP process, however, some additional tasks can be performed as the model surface is dusty and non-stable. To remove the excess of material not glued, it is needed to perform a surface cleaning through the application of a compressed air flow. Most of cases, to stabilize the surface a layer of cyanoacrylate or epoxy resin is applied on it [4] .
With a medium layer thickness of about 0.013mm and a resolution of 300x450 dpi, this process suits to the main objective by presenting a low distortion and allowing to produce medium to low consistency models.
In this work, several models were printed without finished surfaces to better allow model removal from PDMS interior. Fig. 4 Artery models manufactured by TDP process. Figure 4 shows several examples of artery models manufactured by the TDP process. The option to use untreated surfaces and, consequently, decrease the consistency of the model is due to the need to break the model in subsequent steps to remove it from inside the PDMS polymer.
C. PDMS Anatomical models manufacturing
The PDMS carotid artery was fabricated taking advantages from rapid prototyping techniques, i.e., Tridimensional Printing (TDP), described before. The main steps for fabricating the PDMS carotid channel (Fig. 5) were as follows. First, the human carotid geometry was obtain by computerized tomography (TC) and then printed by means of TDP. By applying the TDP we were able to obtain the carotid model in a composite powder. Next, carotid model was positioned in the bottom of a molding box in order to pour an elastomeric material into the mould. The elastomeric material selected was the polydimensiloxane (PDMS) due to its outstanding properties, including good optical transparency and biocompatibility, easily reversible sealing to glass, elasticity, replication of fine and complex geometries, permeable to gases, thermally stable, and low cost [5] . The PDMS prepolymer was prepared by mixing a commercial prepolymer and catalyzer (Silpot 184; Dow Corning, USA) at a weight ratio of 10:1. After removing the bubbles, created during mixing, by a vacuum pump the PDMS mixture was poured into the mould containing the carotid model and then baked on a hot plate for about 2 hours at a temperature of about 60C. Both model and mould with PDMS were then cooled to room temperature. All the other PDMS models were fabricated by using the procedure described above. 
III. RESULTS & DISCUSSION
The embedded models manufactured by the TDP technique were immersed in hydrochloric acid (HCl) for about 15 minutes and then placed in an oven for about 1 hour at a temperature of 60ºC. By using nails and screw drivers it was possible to obtain an anatomically transparent models of a human vessels (see Fig. 6 ). From Fig. 6 it is possible to observe that the PDMS models seem to have enough good transparency able to perform blood flow visualization studies. However, it should be pointed out that in the walls of this PDMS models have high levels of roughness due to the rapid prototyping technique (FDM) used to manufacture ABS carotid model. In the near future, we are planning to polish the surface of ABS carotid model to decrease roughness of the model. However, it is worth mentioning that we have also observed small amount of the composite powder attached on the wall for several vessels models. Hence, the procedure described above still needs to be improved in the near future. 
IV. CONCLUSION & FUTURE DIRECTIONS
The PDMS transparent models obtained by the TDP technique seems to be a promising way to perform in vitro blood flow studies through anatomically realistic replica of a human carotid artery with and without aneurisms. Currently, an ongoing study to perform flow measurements trough the PDMS anatomical models is under way.
